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MEMS Application DomainsMEMS Application Domains
MEMS Exploder for TorpedoesMEMS Exploder for Torpedoes

ShearShear--Stress Sensor for Jet Fighter (Caltech)Stress Sensor for Jet Fighter (Caltech)

Pico Satellites (Aerospace Corp)Pico Satellites (Aerospace Corp)
MEMS Sensors for MunitionsMEMS Sensors for Munitions
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Land Applications of MEMSLand Applications of MEMS
MEMS Sensors for Munitions
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Sea Applications of MEMSSea Applications of MEMS
MEMS Exploder for TorpedoesMEMS Exploder for Torpedoes
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Sea Applications of MEMSSea Applications of MEMS
MEMS Exploder for TorpedoesMEMS Exploder for Torpedoes
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Air Applications of MEMSAir Applications of MEMS
ShearShear--Stress Sensor for Jet FighterStress Sensor for Jet Fighter
(Caltech)(Caltech)



Space Applications of MEMSSpace Applications of MEMS
Pico SatellitesPico Satellites
(Aerospace Corp)(Aerospace Corp)
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Wireless Integrated SensorsWireless Integrated Sensors
4Allow remote maintenance, health 

monitoring, and environmental monitoring
4Allow remote maintenance, health 

monitoring, and environmental monitoring

USS RushmoreUSS Rushmore

Army NTC / Army NTC / 
Aberdeen PGAberdeen PG

Integrated SensorsIntegrated Sensors
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Micro Power GenerationMicro Power Generation
4Harness fuels with higher energy density4Harness fuels with higher energy density

GasolineGasoline

EthanolEthanol

MethanolMethanol

Li BatteryLi Battery

DieselDiesel

MethaneMethane

PropanePropane

00 22 44 66 88 1010 1212 1414

Energy Density (kWEnergy Density (kW--hr/kg)hr/kg)



Distribution Statement A. Approved for public release; distribution is unlimited.

Micro Rotary EngineMicro Rotary Engine
Micro Rotor

[University of California at Berkeley][University of California at Berkeley]
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Micro Combustion ChamberMicro Combustion Chamber

Alumina reactor with 200Alumina reactor with 200--µmµm--widewide
PtPt--coated square channels [Princeton]

ReactorReactor

IgnitionIgnition
WireWire

ThermocouplesThermocouples
Inlet & ExhaustInlet & Exhaust

TubesTubes

5 mm

coated square channels [Princeton]
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Thermoelectric CombustionThermoelectric Combustion

~ 5 mm

33--D D ToroidalToroidal SwissSwiss--RollRoll
MicrocombustorMicrocombustor/Generator/Generator

[Univ. of Southern Cal.][Univ. of Southern Cal.]

Reactants

4Maximize 
thermoelectric 
surfaces between hot 
and cool regions

4Maximize 
thermoelectric 
surfaces between hot 
and cool regions

Combustion
Volume

Products
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Micro Fuel CellMicro Fuel Cell
CurrentCurrent

Collectors
CathodeCathode
Catalyst

Micro Fuel CellMicro Fuel Cell
[Case Western Reserve Univ.][Case Western Reserve Univ.]

LaserLaser--MilledMilled
Gas ChannelsGas Channels

Fuel ManifoldFuel Manifold

CarbonCarbon
Fuel DistributorFuel Distributor

Collectors Catalyst
Proton ExchangeProton Exchange

Membrane
AnodeAnode

Catalyst MembraneCatalyst



Nano Mechanical Array Signal 
Processors

Nano Mechanical Array Signal 
Processors

>100X reduction in size and power consumption 
over conventional frequency processors

>100X reduction in size and power consumption 
over conventional frequency processors

FreeFree--Free Beam VibratingFree Beam Vibrating
Micromechanical ResonatorMicromechanical Resonator

[University of Michigan][University of Michigan]
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So Many Off-Chip PassivesSo Many Off-Chip Passives
Passives pose a bottleneck against 

miniaturization of wireless handsets
Passives pose a bottleneck against 

miniaturization of wireless handsets

Transistor
Chips

Transistor
Chips

Quartz
Crystal
Quartz
Crystal

IF Filter
(SAW)

IF Filter
(SAW)

Inductors
Capacitors
Resistors

Inductors
Capacitors
Resistors

IF Filter
(SAW)

IF Filter
(SAW)

RF Filter
(ceramic)
RF Filter
(ceramic)
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Miniaturization of TransceiversMiniaturization of Transceivers
4Replace off-chip passives with MEMS4Replace off-chip passives with MEMS
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MEMS-Based Receiver BlocksMEMS-Based Receiver Blocks

Off-chip
passive

elements

ReceiverAnt 1 Ant 2

Antenna
Switch T/R

Switch
Bandpass

Filter
(Ceramic)

=

Xstal
Tank

I

QADC

ADC

IF PLL

IF LNA

AGCVCO

Channel
Select PLL

RF LNA Mixer

Image Reject
Filter

(Ceramic)
IF Filter

(Ceramic)

IF Mixer

90°

Ant 1 Ant 2

Antenna
Switch

IF PLL

I

QADC

ADCIF Mixer

90°

LNA
Mechanical Mixer-Filter

Mechanical
RF Channel Selector

Mechanical
Switchable Resonator

Mechanical
Resonators

Vc

Conventional Super-Heterodyne Receiver
with Numerous Off-chip Passives

Fully Integrated
MEMS-Based Receiver

Introduce
MEMS

>100X power reduction (<3 mW)
>100X size reduction (<0.8 cm2)
>10X improvement in spectral eff. & BW
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Large Arrays of Micro ResonatorsLarge Arrays of Micro Resonators

A few µm A few µm

Decodervin

Spectrum Analyzer /Spectrum Analyzer /
Fourier Signal Fourier Signal 
TransformerTransformer

vin vout

Frequency ConverterFrequency Converter

voutvin

Parametric Amplifier / Parametric Amplifier / 
Digital Demodulator /Digital Demodulator /

Envelope DetectorEnvelope Detector

voutvin

Tracking Filter / Tracking Filter / 
Discriminator /Discriminator /

Programmable EqualizerProgrammable Equalizer



Chip-Scale Atomic ClocksChip-Scale Atomic Clocks
Photo

Detector
133Cs vapor at 10–7 torr

Cs or Cs or RbRb
GlassGlass
DetectorDetector

VCSELVCSEL

SubstrateSubstrate

MEMS and Photonic MEMS and Photonic 
TechnologiesTechnologies Chip-Scale

Atomic Clock

Modulated
Laser Mod f

GHzGHz
ResonatorResonator
in Vacuumin Vacuum

Atomic Clock Concept
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State-of-
Practice

State-of-
Research

NISTNIST-- F1F1
HP 5071AHP 5071A

Datum R2000Datum R2000

TemexTemex RMORMO

NG MC250NG MC250

KerncoKernco

NIST CPT cellNIST CPT cell
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Miniaturization of Atomic ClocksMiniaturization of Atomic Clocks

VolVol: ~3.7 m: ~3.7 m33

Power: ~500 WPower: ~500 W
Acc: Acc: 3.83.8××1010––1515

CSACCSAC

VolVol: 1 cm: 1 cm33

Power: 30 Power: 30 mWmW
Acc: Acc: 11××1010––1111
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CSAC-Enabled EnhancementsCSAC-Enabled Enhancements
4High channel selectivity and enhanced channel 

density for VHF/UHF comm.
4High channel selectivity and enhanced channel 

density for VHF/UHF comm.

f f f
Conventional ChannelConventional Channel

SpacingSpacing
HighHigh--SelectivitySelectivity

ChannelsChannels
HighHigh--DensityDensity

ChannelsChannels

25kHz25kHz

4Better resilience 
against jamming

4Extended silence
in radios

4Better resilience 
against jamming

4Extended silence
in radios

SINCGARS Radio
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CSAC’s Applied to NavigationCSAC’s Applied to Navigation
4Direct P/Y-code acquisition – fast acquisition at low power
4Missile and munitions guidance – g-hard precision clocks
4Direct P/Y-code acquisition – fast acquisition at low power
4Missile and munitions guidance – g-hard precision clocks

Examples of Use:Examples of Use:
GPS Position Location Reporting System GPS Position Location Reporting System 
(GPS PLRS)(GPS PLRS)

-- Fielded units: ~100,000 & growingFielded units: ~100,000 & growing
Future Joint Tactical Radio System (JTRS)Future Joint Tactical Radio System (JTRS)

-- Potential fielding: ~300,000 (FY10)Potential fielding: ~300,000 (FY10)

9,000 commercial handheld 9,000 commercial handheld 
GPS deployed in Desert StormGPS deployed in Desert Storm

GPS Receiver Clock UncertaintyGPS Receiver Clock Uncertainty
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Process/
Materials

Actuator

Inertial
Meas.
Units

Signal/
Comm

Space

Flux
Control

Micro
Power

Support Sensor

Data
Storage

MEMS-Enabled
Activities

MEMS: An Enabling TechnologyMEMS: An Enabling Technology
[Nguyen, U. Michigan]
Micromechanical FilterPolychromator

[B. Hocker, Honeywell]

[R. Savinell, CWRU]

Bubble Actuators

[C.-M. Ho, UCLA]

Auto-Folding Fabrication
Techniques

[G. Whitesides, Harvard]

Picosatellite Constellation
Using MEMS-Based Thrusters

[D. Lewis, TRW]

Z-axis Gyroscope

[B. Boser, UC Berkeley]

Memory Card

[T. Davis, Kionix]

…… and there is much more to be done …and there is much more to be done …
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